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 In radio communications, using wavelet signal analysis to recover  
the symbol rate timing clock of orthogonal frequency-division multiplexing 
(OFDM) is a new approach that can tolerate signal distortion from intersymbol 
interference (ISI) and intercarrier interference of encoding digital data on 
multiple carrier frequencies. Typically, the reception synchronization with 
wavelet signal analysis in OFDM can improve the performance over the 
fourier transform-based OFDM. However, a synchronization procedure that is 
stable against distortion and noise is essential to diminish the symbol 
synchronization establishment and operation sampling period. In this paper, 
we propose an OFDM synchronization system and analyze the impact of  
the wavelet denoise procedure on the OFDM system, which extracts the 
symbol rate of the OFDM frame. The evaluation results show that the proposed 
system can optimize the frequency window size to enable an efficient timing 
and frequency offset estimation with high and stable performance in terms of 
bit error rate (BER) and Frame Error Rate (FER) especially when the value of 
EbN0 (a normalized signal-to-noise ratio SNR measure) is greater than 8 dB, 
thanks to the wavelet transform.  
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1. INTRODUCTION 
Nowadays, the Internet is shifting from host-centric to content-centric model as users are interested 
in the content, instead of the location. In this context, information-centric networking (ICN) concept has 
introduced a new promising Internet architecture to solve the current host-centric Internet's severe problems of 
security and inefficiencies in content delivery. The reason is that in ICN, requested content data can 
be accessed from a replica via the in-network caching feature, instead of the only content source as in current 
IP-based Internet architecture. However, in-network caching capability in ICN also raises new challenges, 
especially energy efficiency (EE) issue due to the extra energy needed for the content routers and their  
in-network caching operation [1-3]. Worse still, the default caching scheme in ICN, leave-copy-everywhere 
(LCE) with least recently used (LRU), is a relatively inefficient mechanism which causes high cache 
redundancy (due to low cache diversity) [4, 5] and congestion rate (due to packet flooding) [6, 7] as well, as 
analyzed in our prior studies. These issues become more challenging with the rapid increase in price for energy 
consumption, the number of broadband wireless network users, as well as the growing demand of the content 
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users in the future network. As a result, although ICN enables an effective content delivery platform [8], it still 
faces several feasibility concerns towards future network access, especially in the case of wireless 
communications.  
In this context, as 5G communications will be officially launched soon, an efficient communication 
system with low, latency, and ultra-reliability should be considered to meet the requirement of 5G technology, 
particularly in the design of the modulation and demodulation techniques. Currently, though several access 
techniques can be a considered as a candidate of 5G technology, e.g., non-orthogonal multiple access (NOMA), 
orthogonal multiple access (OMA) or multiple-input multiple-output (MIMO) [9], Orthogonal frequency-division 
multiplexing (OFDM) is still challenging for realizing the feasible 5G communications due to the out of band 
leakage (OOB). Typically, the guard interval discrete Fourier transform spread OFDM, namely GI DFT-s-
OFDM, and spectrally-preceded OFDM (SP-OFDM) are feasible candidates for OFDM technology to be 
applied in 5G [10]. However, the frequency and phase synchronization are among the most challenging aspects 
to enable low latency and ultra-reliability in the OFDM system. Recently, the traditional OFDM is applied in 
the Wi-Fi standard of IEEE 802.11 to increase the data rate and capacity. This OFDM approach also uses 
synchronization conducted with the physical layer convergence procedure (PLCP). 
To improve communication capability with low error rate in OFDM wireless communications,  
a receiver signal processing system which eliminates the interference between symbols of multiples carriers, 
an equalizer that compensates for propagation path distortion, and synchronization which can capture  
and track the symbol rate clock of received signal within preamble periods are essential. To address these 
challenges, this research proposes a wavelet denoise procedure that selects the OFDM signal frequency range 
without changing the frequency characteristic of the symbol signal to minimize the interference between 
symbols and carriers. Typically, we redefine an OFDM symbol signal, including the Hilbert space that is a 
linear space with an inner product. The OFDM frame is composed of the preamble symbol and the data symbol. 
The gap between the adjacent symbols is a discontinuous point in the frame signal, and the roll-off of both 
sides of the symbol signal moderates the rapid change within the gap. The wavelet signal processing transforms 
a signal into time and frequency domains in one space, called signal space. In this way, the proposed system 
can select a frequency range and reduce the noise power without changing the known preamble pattern. Also, 
the evaluation results by means of computer simulations show the improvement of this system in additive white 
Gaussian noise (AWGN) channel thanks to a better subcarrier recovery and frequency synchronization.In short, 
the contribution of this research is as follows.  
Based on the wavelet signal analysis and recovery theory, we propose a method to establish 
synchronization by projecting the received signal into the signal space of the orthogonal basis of the receiver 
clock system. Instead of the conventional timing recovery system (TRS) based on feedback loop control, we 
propose a TRS system corresponding to the signal projection using asynchronous oversampling to realize an 
efficient symbol rate timing. The transmission/reception system, frequency conversion, and propagation path 
characteristics are defined by the integral conversion. 
To reproduce the encoded signal synchronized with the transmission clock, the reception system 
detects the frequency and phase of the transmission clock from the reception signal and includes the function 
of establishing synchronization with the reception signal, which is represented by a discrete-time signal 
processing model. Typically, the proposed method extracts a clock waveform synchronized with a symbol rate 
due to denoising by multi-resolution analysis for detecting discontinuity between symbols. The proposed 
algorithm for extracting channel distortion and frequency offset using wavelet analysis is a promising approach, 
given that the OFDM model construction method with timing recovery and frequency synchronization can be 
applied to various communication systems, such as broadcasting systems [11, 12], optical communications [13] 
or long term evolution (LTE) network [14]. 
 
 
2. RELATED WORK 
OFDM is a widely-used technique in wireless communications to match demand for high data rates 
and increase the capacity of the channel. The concept of OFDM is to transmit the signals orthogonally through 
multiple sub-channels by using the fast fourier transform (FFT) and inverse fast fourier transform (IFFT) [15]. 
The traditional OFDM is currently challenging to be utilized for modulation in 5G technology due to the three 
main reasons. Firstly, the high spectral efficiency is needed to reduce the out of band (OOB) leakage. Next, 
loss synchronization requires a lot of clients to use the same scheme at the same time. Finally, the OFDM 
system also requires the efficient usage of the symbol period and subcarrier width to ensure the system 
feasibility and flexibility. 
The guard interval discrete fourier transform spread OFDM, namely GI DFT-s-OFDM, is used to reduce 
OOB leakage by identifying the sequence of GI instead of CP (cyclic prefix). Moreover, by knowing the GI 
sequence, we can estimate the carrier frequency offset, which is an essential parameter in the synchronization 
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processing. In our prior work, we applied OFDM-GI in the 4-SSB modulation domain, which is a novel 
modulation technique to double the amount of information compared to traditional single-sideband [16, 17]. 
The results showed good performance in the receiver by minimizing the effect of ISI (intersymbol interference) 
induced by Hilbert Transform. However, the limitation of this approach is that we still use the signal pulse 
shaping depending on the IFFT/FFT transform for estimating the pulse shape and the band filtering. Hence, 
researchers in [18] proposed an alternative OFDM-based method by replacing the FFT algorithm with  
the wavelet transform. 
FFT-based OFDM uses CP to prevent ISI between adjacent OFDM symbols. ISI is derived  
from a discontinuous subcarrier that loses the periodical signal characteristic. The spectrum spread of  
the sub-carrier causes the length of the symbol corresponding to the uncertainty principle. However, CP affects 
the spectral efficiency, and using IFFT in the transceiver is impractical for the case of low frequency (flat) 
fading. Besides, the OFDM demodulator needs an equalizer to compensate for a symbol window function that 
limits the length of a symbol signal before FFT for the recovery of the constellation maps of sub-carriers. 
Optimal sampling timing is also necessary to mitigate inter-carrier interference (ICI), but the drawback of this 
method is the coarse symbol clock recovery from a known preamble pattern at the head of a frame.  
As the wavelet-based OFDM has higher bandwidth efficiency and can gain better bit error rate (BER) 
performance than the conventional OFDM in fading channels [19] and carrier frequency offset with phase 
noise [20], in this paper, we propose a new method for the synchronization of OFDM using wavelet transform. 
This proposal is a potential approach, given that detecting the clock symbol rate is critical for OFDM receiver 
clock [21] and using the wavelet for high resolution of frequency is a suitable solution for low-frequency 
channel, e.g., the well-known wavelet transforms namely Haar and Daubechies wavelet used in discrete  
signals [22]. The results show that the wavelet transform is feasible and promising toward 5G communications 
by using the extracted frequency domain for symbol clock rate detection.  
 
 
3. SYSTEM MODEL 
In this section, we present the system model design, which reduces the additive noise from the frame 
by deconstructing and reconstructing a received signal. The preamble of the frame is a periodical and known 
pattern which is used to detect the coarse symbol timing using the correlation between the received signal and 
the reference preamble pattern. Wavelet transforms the received signal noise into time and frequency  
in the two-dimensional (2D) space in which the frequency range can be selected in the wavelet transformed 
signal and acts as a bandpass filter without distorting the original received signal. The inverse wavelet 
transform then reconstructs the original signal with the reduced noise. 
 
3.1.  Overall OFDM transmission and reception system configuration 
In this part, we developed an OFDM synchronization model derived from Mathworks Matlab as  
an OFDM configuration model for data transmission and reception (conformed to the IEEE 802.11a standard). 
The wireless communication model is shown in Figure 1, including a transmitter, a receiver, and a propagation 
path model. The conventional OFDM model constructs a theoretical expression model of the subcarrier frequency 
multiplexing scheme by Fourier series expansion of a periodic function. The symbol rate signal of OFDM has a 
continuous waveform in which orthogonal subcarriers are modulated quadrature amplitude modulation (QAM) or 
phase-shift keying (PSK). Particularly, QAM or PSK can be defined as a function map from binary code to a complex 
number point (𝑑𝑘) on the constelation map where 𝑑𝑘 ∈ ℂ, 0 ≤ 𝑘 ≤ 𝑁 − 1 (N: number of channels). 
In OFDM, a frame signal consists of preamble symbols signal and data symbols. The frame signal has 
discontinuities points between adjacent symbols, which spread unexpected frequency. The symbol signals include 
a finite period and energy signal space, named as symbol signal space (SSS). SSS is proposed in  
a complex linear space with an inner product corresponding to a Hilbert space configuration. 𝑁 channel subcarrier 
signals allocated at interval of ∆𝑓 (Hz) is considered as the orthogonal basis {𝑒𝑗2𝜋∆𝑓𝑘𝑡}.  
The fourier transform-based OFDM transmit signal (𝑠𝑇𝑋(𝑡)) can define the fourier transform of OFDM 
reception processing with the rapidly decreasing function space and the inverse fourier transform of  
the transmission processing. We also apply the sampling theory into the OFDM receiver processing using  
a slowly increasing hyperfunction space. Synchronization of digital data in wireless communication is a system 
in which transmission data is sampled at an optimum timing concerning a reception signal obtained by 
transmitting a signal (from a transmitter) via a communication channel, and data is reproduced. The propagation 
path model is an analog signal processing model in which additive random noise is superimposed on a signal 
with attenuation by signal power, signal filter by transfer characteristics. A signal by propagation path has a 
plurality of delay times for a finite-length transmission signal. The reception system amplifies the power of the 
received signal affected by the propagation path and compensates for the distortion of the signal by equalizing 
the propagation path characteristics. Also, the influence of the received signal of different delay times causes 
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superimposed then reduces the random noise. The receiver system also detects the frequency and phase of  
the transmission clock from the reception signal to recover the encoded signal synchronized with  
the transmission clock and includes an analog-to-digital conversion and a function of synchronization 
establishment with the reception signal. It is represented by a discrete-time signal processing model. 
 
 
 
 
Figure 1. The OFDM synchronization bit error rate (BER) configuration model 
 
 
In general, it is necessary to synchronize with the symbol rate, the frequency conversion local frequency, 
and the sampling timing. In this paper, to detect the symbol clock rate of the symbol for efficient data transmission, 
we propose a mechanism that establishes synchronization by projecting received signal onto the complex signal 
space of the orthonormal base of the receiver clock system based on wavelet signal analysis and the kernel 
reproduction theory. In section 4, we propose a Symbol rate timing model as a method to extract a clock waveform 
synchronized with a symbol rate by the de-noise procedure. The proposal uses a multiresolution analysis that 
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detects discontinuities between symbols. In addition, we propose a timing recovery system (TRS) method based 
on the signal projection by asynchronous oversampling instead of using the conventional feedback loop control. 
The transmission/reception system, frequency conversion, and propagation path characteristics are defined by  
the integral conversion. 
 
3.2.  The analog theoretical model of OFDM transmission and reception 
The analog theoretical model for transmission and reception shown in Figure 2 includes baseband signal 
processing with a DC (direct current) component and passband signal processing that is frequency-converted to  
the RF band of the propagation path. The baseband OFDM signal is modeled by a complex signal, and the OFDM 
modulation/demodulation was modeled by the (inverse) fourier transform. The conventional OFDM transmission 
theoretical model modeled by inverse fourier transform (IFFT) lays a foundation for the modulation signal 
processing of the transmission of the frequency-multiplexed symbols, baseband signal processing, and passband 
signal processing for performing wireless communication. 
 
 
 
 
Figure 2. OFDM transmitter, receiver and RF propagation path 
 
 
An OFDM transmission signal of an N subcarrier signal channels is mapped to a signal space spanned by 
an orthogonal basis (𝑒𝑗2𝜋∆𝑓𝑘𝑡) with kth subcarrier where 𝑘 = (0, 1, 2,⋯ , 𝑁 − 1). Propagation characteristic and 
additive white Gaussian noise (AWGN) of wireless communication are defined for passband signals in the RF band. 
By defining the conversion gain between the baseband and the passband, the propagation path characteristics and 
AWGN can be defined by a model equivalent to the baseband without depending on the carrier frequency of  
the passband. A transmission mixer that performs up-conversion is represented by multiplication of a carrier and  
a baseband transmission real signal, and the reception mixer frequency-converts the passband real value signal into 
a baseband complex signal using in-phase/quadrature signal (I/Q signal) reception methods. 
The coefficients of the orthogonal basis to the subcarrier are coefficients of the complex signal (dk ∈ C) 
mapped to the constellation of QAM (quadrature amplitude modulation) and QPSK (Quadrature phase shift keying) 
modulation with the serial signal after signal coding corresponding to the Fourier transform are presented in (1) and 
(2) as follows:  
 
𝑠𝑇𝑋(𝑡) = 𝜒[0,𝑇𝑠](𝑡)(∑ 𝑑𝑘 ∙ 𝑒
𝑗2𝜋𝑘∆𝑓𝑡𝑁−1
𝑘=0 )    𝑇𝑆 =
1
𝑓𝑠
,  𝑠𝑇𝑋(𝑡) ∈ ℂ[0, 𝑇𝑆] (1) 
where  𝜒[0,𝑇𝑠](𝑡) = {
1  |𝑡| ≤ 𝑇𝑆
0  |𝑡| > 𝑇𝑆
 (2) 
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where    𝑤𝑇𝑆𝑌𝑀(𝑡) =
{
 
 
 
 𝑠𝑖𝑛2 (𝜋
2
(0.5 + 𝑡
𝑇𝑇𝑅
))
1
𝑠𝑖𝑛2 (𝜋
2
(−0.5(𝑡 − 𝑇𝑆𝑌𝑀) +
𝑡
𝑇𝑇𝑅
))
 
 
Typically, OFDM forms a finite-dimensional signal space with N-channel subcarriers, and symbol 
signals are represented by coefficient vectors {dk} of the constellation map. The symbol signal is included  
in a complex-valued continuous function C on a bounded closed interval [a, b], and is expressed as a signal 
space spanned by an Nth-order basis. The window function is an ideal rectangular pulse function (𝜒[0,𝑇𝑠](𝑡)) 
with the time domain for I/Q signal (16 channels) as depicted in Figure 3, and 𝑤𝑇𝑆𝑌𝑀(𝑡) characteristic in time 
and frequency domain is illustrated in Figure 4 (TSYM denotes the sampling period). Also, due to  
the discontinuity between adjacent symbol signals, the window function (𝑤𝑇𝑆𝑌𝑀) that alleviates discontinuity 
has a roll-off frequency characteristic of the frame when the signal is slightly attenuated at both ends  
of the symbol signal, as shown in (2). 
Also, the pilot signal (𝑝𝑙) is a known periodic signal included in the constellation (𝑑𝑘): 
 
𝑇𝑝(𝑡) = 𝑅𝑒(𝜒[0,𝑇𝑠](𝑡)(∑ 𝑑𝑘 ∙ 𝑒
𝑗2𝜋𝑘𝑓𝑠ｔ𝑁𝑆𝐷−1
𝑘=0 )𝑒
𝑗2𝜋𝑘𝑓𝐿𝑜𝑐ｔ)   (3) 
 
𝑤ℎ𝑒𝑟𝑒  𝑇𝑆 =
1
𝑓𝑠
  𝑎𝑛𝑑 𝑇𝑝(𝑡) ∈ ℝ. Figure 2 also shows the transmitter and receiver analog signal 
model with the mixer performing frequency shift operation where the baseband signal is converted to a 
passband frequency of the RF band by the upconversion mixer at the local frequency (fLo(Hz)) and transmitted 
as a passband signal Tp(t). In this way, the receiving system amplifies the power of the received signal affected 
by the propagation path and compensates for the distortion of the signal by equalizing the propagation  
path characteristics. 
 
 
 
 
Figure 3. Time-domain I/Q signal (16 channels) 
 
 
 
 
Figure 4. 𝑤𝑇𝑆𝑌𝑀(𝑡) characteristic in time and frequency domain 
 
 
               ISSN: 1693-6930 
TELKOMNIKA Telecommun Comput El Control, Vol. 18, No. 3, June 2020:  1658 - 1670 
1664
3.3.  The OFDM processing system model 
We develop an orthogonal frequency division multiplexing (OFDM) signal processing model based on 
the IEEE 802.11a standard [23] under the assumption that the subcarrier and carrier frequency are synchronized 
among the transceivers [24]. Next, we propose an algorithm to detect the carrier frequency offset from  
an asynchronous system between the transmitter and receiver to realize a synchronous system. Particularly,  
the algorithm can detect the frequency offset between the transceivers from the periodical and known preambles 
in the received signal form using the wavelet signal analysis. The overall IEEE 802.11a OFDM layer 
configuration is depicted in Figure 5, in which the beginning of the packet is detected from the periodical signal 
of the preamble to acquire and track the carrier frequency and subcarrier frequency between the transceivers. 
 
 
 
 
Figure 5. IEEE 802.11a OFDM Layer Configuration 
 
 
3.4. The OFDM modulation and demodulation with sub-channel orthogonal basis 
According to IEEE 802.11a-1999 (R2003) [25], the baseband OFDM modulation can be identified 
from (4) as follows: 
 
𝑟𝐷𝐴𝑇𝐴,𝑛(𝑡) = 𝑤𝑇𝑆𝑌𝑀(𝑡) (
∑ 𝑑𝑘,𝑛 ∙ 𝑒
𝑗2𝜋∙𝑀(𝑘)∙∆𝐹(𝑡−𝑇𝐺𝐼)𝑁𝑆𝐷−1
𝑘=0 +
𝑝𝑛+1 ∑ 𝑃𝑙 ∙ 𝑒
𝑗2𝜋∙𝑙∙∆𝐹(𝑡−𝑇𝐺𝐼)
𝑁𝑆𝑇
2
𝑙=−
𝑁𝑆𝑇
2
 
) (4) 
 
where the signal points on the Imaginary and Quadrature complex planes are depicted in Figure 5.  
Typically, the subcarrier signals of an orthonormal base ({𝑒𝑗2𝜋𝑙∆𝑓𝑡}) are mapped according to Fourier transform 
process. Also, the symbol length is limited by the window function with roll-off, as shown in (2). 
 
 
4. THE PROPOSED OFDM SYNCHRONIZATION SYSTEM DESIGN USING THE WAVELET 
TRANSFORM  
In this section, given that the symbol signal is limited to a finite time by a window function 
(rectangular waveform with roll-off characteristics), we design an OFDM Synchronization Model 
corresponding to a feasible and efficient Timing Recovery System for the symbol rate detection using wavelet 
transform in which the window function is equalized to compensate for waveform distortion due to the 
propagation path characteristics. 
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4.1. Timing recovery system (TRS) 
OFDM systems use symbol orthogonality between subcarriers to multiplex symbol rate data  
and separates a symbol rate clock component that separates symbol and its rate clock component from  
a received frame. However, the orthogonality of the subcarrier signal can be lost by the distortion of  
the symbol signal’s window function (rectangular waveform with roll-off characteristic) due to the symbol 
propagation path characteristics. A symbol signal consisting of multiplexed subcarriers can be realized  
by detecting discontinuities between adjacent symbols of OFDM signals. To extract the symbol rate clock,  
the demodulation of a symbol is necessary by sampling the symbol with a clock obtained by multiplying  
the reproduced symbol rate clock by the number of subcarriers (N0), and performing Fourier transform.  
Typically, we propose the OFDM TRS via the following configuration steps: 
- Uses the waveform equalization processing to maintain orthogonality between subcarriers; 
- Recover symbol rate clock by detecting discontinuity of adjacent symbols of OFDM signals; 
- Regenerate the sampling clock multiplied by the symbol clock; 
- Track the sampling timing using the pilot signal extraction by multiple resolutions. 
Also, in this research, to realize a feasible and practical TRS, we adopt a method which is suitable for 
hardware implementation from the discrete wavelet complex transform as defined in [26]. The detail of the 
hardware implementation will be addressed in another paper. 
 
4.2. The OFDM transceiver synchronization model for symbol clock rate detection  
In the analog signal processing model, the random noise is superimposed on the signal of  
the propagation path with a finite length transmission signal having an attenuation of signal power, in which 
signal filtering corresponds to the transmission symbol characteristics. The reception system amplifies  
the power of the received signal affected by the propagation path and compensates for the distortion of  
the signal by equalizing the propagation path characteristics so that the influence of the received signal of 
different delay times and random superimposed noise can be reduced. Typically, the receiving system detects 
the frequency and phase of the transmission clock from the reception signal to recover the encoded signal 
synchronized with the transmission clock and includes an analog-to-digital conversion and a function of 
establishing synchronization with the reception signal. It is represented by a discrete-time signal processing 
model that describes the transmission, propagation path, and reception system introduces a signal space model 
by functional analysis. 
In OFDM, a signal in the Hilbert space acts as a linear space in which an inner product operation is 
defined. OFDM can represent symbol rate signals in a series expansion with subcarrier signals as orthogonal 
bases. The coefficient value of series expansion constitutes transmission data. A symbol rate signal of finite 
length by series expansion representation by an orthonormal basis is characterized so that transmission data is 
reproduced by discrete Fourier transform. Synchronization in an OFDM receiver is conducted by a TRS, which 
detects the correct sampling timing from a reception signal converted to an analog signal by an ADC and 
synchronizes the clock of the receiver with the reception signal. In the proposed OFDM system, a local 
oscillation frequency (florx) upconverts to the center frequency of the wireless transmission signal, whereas a 
local oscillation frequency (florx) downconverts the wireless reception signal, and these subcarrier frequencies 
are synchronized between the Transmitter (Tx) and Receiver (Rx). By synchronizing the sampling clocks of Tx 
and Rx, the sampling numbers per symbol rate are synchronized. 
An OFDM system detects symbols containing subcarriers and synchronizes the symbol rate with  
Tx and Rx. The conventional symbol rate detection synchronizes (corresponding) to the symbol timing of Rx 
by the timing detection of the center symbol by the autocorrelation function of the pilot signal from  
the periodical signal included in the symbol. Overall, the proposed synchronization framework in OFDM using 
wavelet transform to detect and configure the Symbol clock by converting the baseband I/Q signal to real 
signal, then decompose the signal and detect the symbol clock rate via the threshold-based decision-making 
process. Finally, the system reconstructs signal and analyzes the symbol clock components to realize an 
efficient and feasible OFDM Transceiver Synchronization Model using wavelet transform. 
 
 
5. RESULTS, EVALUATIONS, AND DISCUSSION 
5.1.  The simulation scenario and key parameters 
We evaluate the proposed OFDM transmission and reception synchronization model with wavelet by 
simulation, as shown in Figure 1. Typically, we use wavelet signal processing, which is added to  
the OFDM synchronization model provided by Mathworks Matlab. For the received signal in which noise is 
superimposed, the effect of removing unnecessary frequency components for noise components and OFDM 
complex is verified by the signal decomposition, frequency selection, and signal combination by the wavelet 
transform with Additive white Gaussian noise (AWGN) as defined in Figure 6. Wavelet is modeled by Morlet 
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wavelet in Matlab because this kind of wavelet is suitable for orthogonal signals, and the effect of orthogonal 
OFDM is easy to be observed in Morlet wavelet. The key parameters for system evaluation in Matlab are 
summarized in Table 1. 
 
5.2. Results and discussion  
Figure 7 illustrates the bit error rate (BER) performance of the proposed system in AWGN channel 
under various values of frequency offset between transmitter and receiver, which ranges from-20 kHz  
to 20 kHz. We observe that for all the frequency offset values, the wavelet transform performance gains  
a better performance for symbol synchronization in terms of BER when the EbN0 (energy per bit to noise power 
spectral density ratio) value is increased. Also, when the frequency offset is -20 kHz, the frame error rate 
performance is worst compared to other frequencies offset value. Besides, all the positive frequency offset 
reaches the satisfactory performance of BER for wireless communication when the value of EbN0  
is not less than 13 dB, and among the positive frequency offset values, +20 kHz showed the best performance 
after 10 dB. We then show that the proposed OFDM synchronization model using wavelet can efficiently 
recover symbols in a wide range of frequency offset values. 
 
 
 
 
Figure 6. Effects of selecting different switching under dynamic condition 
 
 
Table 1. Key parameters for system evaluation in Matlab 
Variable Type 
Sampling frequency (Hz) 20 GHz 
Sampling period (sec) 5 ∗ 10−8 𝑠𝑒𝑐 
Number of Frames per iteration 10 
Number of iterations 
Channel type 
100 
AWGN 
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In Figure 8, we present the frame error rate performance of the proposed system based on the IEEE 
802.11a standard in the AWGN channel. For all the frequency offset values, the frame error rate performance 
is steady when EbN0 is less than 8 dB. Moreover, the non-positive offset frequencies (-20 kHz, -10 kHz,  
and 0 kHz) can gain a lower BER performance compared to that of positive offset frequency, especially when 
EbN0 value is greater than 8 dB. 
Overall, the evaluation results show that the proposed OFDM synchronization model with TRS using 
wavelet transform (conformed to the IEEE 802.11 standard) can help to reduce the noise and detect  
the symbol preamble to realize an efficient OFDM synchronization system through the novel symbol clock 
rate detection mechanism. These results also suggest that by extracting channel distortion and frequency offset, 
the proposed OFDM signal space model construction method with the orthogonal basis using wavelet analysis 
can be expanded to a wide range of communication systems.  
 
 
 
 
Figure 7. Bit error rate performance of the proposed wavelet transform  
with various values of frequency offset in AWGN 
 
 
 
 
Figure 8. Frame error rate performance of the proposed wavelet transform  
with various values of frequency offset in AWGN 
 
 
6. CONCLUSION AND FUTURE WORK 
As in OFDM, it is necessary to synchronize to the symbol rate, the local frequency conversion,  
and the sampling timing, in this paper, we propose a method to establish OFDM symbol rate synchronization 
by projecting received signal onto complex signal space of orthogonal bases of receiver clock system based on 
wavelet signal analysis and recovery. Symbol rate timing is a method of extracting a clock wave-form 
synchronized with a symbol rate through the de-noise process with a multiresolution analysis that detects 
discontinuities between symbols. We propose a novel TRS methodology focusing on frame synchronization 
and clock frequency offset recovery that is based on a signal projection by asynchronous oversampling, instead 
of the feedback loop control as in the conventional symbol timing recovery methods. 
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The communication system generates a transmission signal by encoding, modulation, symbol 
generation, and frequency conversion. The theoretical model of the transmission signal is conducted until the 
encoded discrete signal is synchronized with the transmission clock and converted to an analog signal.  
The transmission analog signal requires an analog signal processing model that diminishes signal discontinuities 
and transmission power to match the signal bandwidth and the communication propagation path. Typically, we 
build the sampling model from the digital-to-analog conversion processing (DAC) of transmitter and  
analog-to-digital signal processing (ADC) of the receiver, according to the theory of reproduction, orthogonal 
transmission basis by per-forming signal projection at the receiver side. The difference between the bases is 
calculated from the offset, which is the difference between the phase and the frequency to represent the 
synchronization system between transmitter and receiver in which a receiver synchronizes with a received signal 
received from a transmitter via a communication channel, and the transmitted signal is correctly regenerated. In 
this way, the receiving system represents an infinite-dimensional analog sign and is realized as an approximated  
finite-dimensional signal using a sampling method by performing projection operations for synchronization. 
For future work, we will present the theory model, which can minimize the inter-symbol interference 
(ISI) due to discontinuities between symbol rate signals, synchronization, and demodulation of subcarrier signals 
in the symbol. We also have the plan to build optimal receiver architecture for hardware implementation using a 
mathematical model to enhance the feasibility of the proposed OFDM wireless communication network. Also, an 
OFDM signal space model based on wavelet analysis with a new algorithm for extracting frequency offset and 
equalization distortion is needed to further shorten the synchronization pull-in time and improve the stability 
against disturbance. Besides, the Doppler effect will be considered for the potential OFDM synchronization 
design, which applies to the mobile receivers. 
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